Objective-To characterize the prevalence of Non-Alcoholic Fatty Liver Disease (NAFLD) by race in a nationally representative sample of the U.S. population and to investigate potential explanatory factors for racial disparities.
Nonalcoholic fatty liver disease (NAFLD) is characterized by excessive accumulation of triglycerides in the liver in the absence of excessive alcohol consumption. NAFLD comprises a spectrum of hepatic disorders, ranging from steatosis to steatohepatitis (NASH) and cirrhosis (1, 2) . Previous studies have demonstrated differences in NAFLD and NASH prevalence by race/ethnicity, with the highest prevalence found in Hispanics and the lowest prevalence found in blacks (3) (4) (5) (6) (7) (8) (9) (10) (11) . Reasons for the differences in prevalence by race are not clear, although genetic (12, 13) , and metabolic factors (3, 4, 6, 7) have been suggested as contributing factors underlying the differences. Specifically, Hispanics tend to have greater adiposity and insulin resistance compared to whites, which may contribute to their higher reported prevalences (4, 6, 7, 14, 15) . Blacks also have greater adiposity and a higher rate of diabetes, but they also tend to have lower levels of triglycerides as compared to Hispanics or whites, which may contribute to their lower reported prevalences (16) .
Some prior studies have suggested differences in hepatic steatosis prevalence by gender, with a higher prevalence reported in men compared to women (4, 6, 17) , while other studies have found no difference by gender (18) . However, among many of studies that reported gender differences, individuals were classified as having hepatic steatosis regardless of alcohol consumption, so it remains unclear if NAFLD prevalence differs by gender (17, 18) . Importantly, with the exception of the U.S. population-based Dallas Heart Study (4), previous studies were conducted using small, highly select, predominately clinic-based populations (3, 5, (7) (8) (9) (10) (11) , so it remains unclear if the reported patterns are representative of the broader U.S. population. Although liver biopsy is the gold standard for the diagnosis of NAFLD, due to the invasive nature of the procedure, liver biopsy is not feasible to do in a healthy community-dwelling population. However, ultrasound provides a non-invasive, albeit less sensitive and less specific method to detect hepatic steatosis and is widely used in clinical practice and research settings (19) .
The objectives of this study were to characterize the prevalence of NAFLD and NAFLD with elevated aminotransferases (e.g. NASH) by race and gender in a nationally representative sample of the U.S. population and to assess whether demographic, lifestyle, adiposity-related, and/or metabolic factors explained differences in NAFLD prevalence.
METHODS

Study Population
The Third National Health and Nutrition Examination Survey (NHANES III) was a crosssectional survey conducted between 1988 and 1994 of the civilian non-institutionalized U.S. population. NHANES III used a complex sampling design to select a representative sample of U.S. persons (20) .
Data Collection
Detailed descriptions of the NHANES III data collection and variable definitions are available elsewhere (21). Briefly, individuals participated in a standardized interview and physical examination. We categorized smoking status as: never; former; current. Participants were classified as physically inactive if they answered no to all the questions regarding engaging in any of activities over the last month (jog/run, bicycle, swim, aerobics, dancing, calisthenics, garden/yard work, weight lifting or other sport). Average alcohol consumption was estimated by multiplying the number of drinking days and the number of drinks per day, on average on a drinking day and categorized as: never; former low/moderate (<5 drinks/ day); former high (≥5 drinks/day); low current (women ≤1 drink/day; men ≤2 drinks/day); moderate current (women >1 to <5 drinks/day, men >2 to <5 drinks/day); high current (≥5 drinks/day). Total calories consumed per day and percent calories from carbohydrates, protein, and fat were estimated from 24-hour dietary recalls.
We defined diabetes as self-reported physician diagnosis, medication use, fasting plasma glucose ≥126 mg/dl or 2-hour glucose tolerance test ≥200 mg/dl. Hypertension was defined as self-reported physician diagnosis, medication use, systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg. History of cardiovascular disease was defined by selfreport of past myocardial infarction, congestive heart failure, or stroke. Body mass index (BMI) was calculated by dividing measured weight in kilograms by measured height in meters squared. Skinfold measurements were taken at 4 locations (triceps, subscapular, suprailiac, thigh) and were summed to get a composite measure of subcutaneous fat. A body composition analyzer for bioelectrical impedance (Valhalla 1990B Valhalla Scientific, San Diego, CA) was used to measure whole-body electrical resistance and reactance (22) and percent body fat was calculated using validated prediction equations (23) . Plasma glucose, glycated hemoglobin (HbA1c), triglycerides, HDL cholesterol, antibodies to hepatitis C, and antibodies to hepatitis B core antigen (anti-HBc) were measured using standard methods (24) . The following liver tests were measured on the Hitachi 737 Analyzer (BoehringerMannheim Diagnostics, Indianapolis, IN): alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), alkaline phosphatase, and total bilirubin.
The physical examination in NHANES III also included ultrasounds of the gallbladder performed using a Toshiba (Tustin, CA) SSA-90A machine using 3.75 and 5.0 Mhz transducers. In 2009-2010, these ultrasounds were re-evaluated for the presence of steatosis within the liver. A more detailed description of the steatosis ultrasound protocol can be found elsewhere (25) . Briefly, the following information was recorded: 1) presence of liverto-kidney contrast, 2) degree of brightness of the liver parenchyma, 3) presence of posterior deep beam attenuation, 4) presence of echogenic walls in the small intrahepatic vessels, and 5) definition of the gallbladder walls. Using a standardized algorithm, liver steatosis was categorized as present (moderate or severe steatosis) or absent (normal or mild steatosis). The intra-and inter-rater reliabilities (kappa statistics) were 0.77 (95% CI 0.73-0.82) and 0.70 (95% CI 0.64-0.76), respectively (25) . A systematic review found the overall sensitivity and specificity of ultrasound to detect moderate-severe hepatic steatosis (defined as >5-10% excess hepatic triglyceride content), compared to biopsy, are 84.8% and 93.6%, respectively (19) . However, the sensitivity and specificity have been found to be lower among persons with BMI >35.0 kg/m 2 (49.1% and 75%, respectively) (26).
NAFLD Definitions
NAFLD was defined as the presence of hepatic steatosis in the absence of elevated alcohol consumption (>2 drinks/day for men; >1 drink/day for women) (27) and in the absence of current use of zydovudine or didanosine, medications that have been shown to induce hepatic steatosis. NAFLD with elevated aminotransferases was defined as the presence of NAFLD and elevated ALT or AST, defined as above the upper limit of normal of the NHANES III laboratory values (ALT: >40 U/L for men and >31 U/L for women; AST: >37 U/L for men and >31 U/L for women), in the absence of hepatitis B, hepatitis C, and transferrin saturation >50%. These definitions for NAFLD have been used previously (28) .
Statistical Analysis
This analyses was restricted to 9,675 NHANES III participants who met the following criteria: ≥20 years of age, self-identified as non-Hispanic white, non-Hispanic black or Mexican-American race/ethnicity, and who had complete information on ALT, AST, hepatic ultrasound data and covariates of interest.
Analyses were performed incorporating sampling weights to obtain unbiased estimates from the complex NHANES sampling design. Standard errors (SEs) were obtained using Taylor series linearization (20) . Using these methods, our estimates can be considered representative of the non-institutionalized U.S. population aged 20-74 in 1988-1994.
We calculated age-adjusted characteristics of the population stratified by race/ethnicity and gender. Age-adjusted prevalences (95% confidence intervals) for NAFLD and NAFLD with elevated aminotransferases were calculated overall for each race group (non-Hispanic white; non-Hispanic black; Mexican-American) and stratified by race, gender, and BMI category (normal [18.5-24.9 . We also performed sensitivity analyses stratified by diabetes status and physical activity status (active; inactive). P-values for differences in means were calculated using the Wald F statistic and distributional assumptions for sample means were satisfied. In our main analysis, multivariable logistic regression models were used to examine the independent association between race and NAFLD. We constructed three models: Model 1 was adjusted for demographic and lifestyle factors (age, gender, education, family income, smoking, alcohol consumption, physical activity, and total calories consumed per day). Model 2 included all variables in Model 1 plus measures of adiposity (BMI, waist circumference, and sum of skinfolds). Model 3 included all variables in Model 2 plus metabolic factors (triglycerides, HDL cholesterol, hypertension, diabetes, and HbA1c). To further assess the role of adiposity, we conducted a sensitivity analysis adding percent body fat calculated from bioelectrical impedance data to our models (23) and we conducted sensitivity analyses stratified by BMI category: normal (18.5-24.9 kg/m 2 ) (n=3,802), overweight (25.0-29.9 kg/m 2 ) (n=3,408), and obese (30.0-39.9 kg/m 2 ) (n=2,003). We also conducted a sensitivity analysis restricted to participants that self-identified as "never drinkers" (n=1,462) to exclude the possibility that low alcohol consumption was contributing to steatosis.
All reported p-values are two-sided and p<0.05 was considered statistically significant. Analyses were performed using Stata Version 11 (29) .
RESULTS
There were substantial differences in the mean age by race; mean age for non-Hispanic whites was 43.1 years, mean age for non-Hispanic blacks was 39.5 years, and mean age for Mexican-Americans was 36.7 years (p<0.001), therefore all subsequent comparisons are age-adjusted (Table 1) . Mexican-Americans had higher levels of ALT (mean: 23.1 U/L) and AST (mean: 24.8 U/L) as compared to non-Hispanic whites and to non-Hispanic blacks (both comparisons, p<0.001). Compared to non-Hispanic whites, non-Hispanic blacks had significantly higher mean AST levels (non-Hispanic whites: 20.7 U/L, non-Hispanic blacks: 22.8 U/L) (p<0.001), but mean ALT values were not significantly different (non-Hispanic whites: 17.2 U/L, non-Hispanic blacks: 16.6 U/L) (p=0.160). Non-Hispanic blacks and Mexican-Americans were more likely to self-identify as "never drinkers" compared to nonHispanic whites (p<0.001 for both comparisons). For all races, men were more likely to selfidentify as either "low current drinkers" or "high current drinkers" compared to women (p<0.001 for all races).
The overall age-adjusted prevalence of NAFLD by race was 21.2% (95% CI: 18.3%, 24.2%) in Mexican-Americans, 12.5% (95% CI: 11.3%, 13.7%) in non-Hispanic whites and 11.6% (95% CI: 9.7%, 13.5%) in non-Hispanic blacks. Similarly, the overall age-adjusted prevalence of NAFLD with elevated aminotransferases was 6.1% (95% CI: 4.9%, 7.3%) in Mexican-Americans, 2.2% (95% CI: 1.6%, 2.7%) in non-Hispanic whites, and 1.6% (95% CI: 1.1%, 2.1%) in non-Hispanic blacks. Among non-Hispanic whites only, we observed a significant gender difference in the age-adjusted prevalence of NAFLD (men: 15.0% [95% CI: 13.2%, 16 , non-Hispanic blacks had significantly lower age-adjusted prevalence of NAFLD and Mexican-Americans had significantly higher age-adjusted prevalence compared to non-Hispanic whites in the overweight group only. Among women (Panel B), Mexican-Americans had significantly higher age-adjusted prevalence of NAFLD compared to non-Hispanic whites for all BMI categories. MexicanAmerican men had significantly higher age-adjusted prevalence of NAFLD with elevated aminotransferases compared to non-Hispanic whites in the overweight group only (Panel C). Whereas Mexican-American women had significantly higher age-adjusted prevalence of NAFLD with elevated aminotransferases compared to non-Hispanic whites in the obese group only (Panel D). The gender differences in non-Hispanic whites seen in the overall age-adjusted prevalences of NAFLD were not significant among those in the normal weight category (p>0.05), but remained significant in the overweight and obese categories (p<0.05). In sensitivity analyses stratified by race, BMI category and diabetes status, among persons without diabetes, non-Hispanic blacks had significantly lower and Mexican-Americans had significantly higher age adjusted prevalence of NAFLD compared to non-Hispanic whites in the overweight or obese groups only. No differences were seen among those with diabetes (Appendix Figure 1) . In sensitivity analyses stratified by race, BMI category, and physical activity status, among persons who were physically active, Mexican-Americans had significantly higher age adjusted prevalence of NAFLD compared to non-Hispanic whites in the overweight or obese groups only. Among persons who were physically inactive, Mexican-Americans had significantly higher age adjusted prevalence of NAFLD compared to non-Hispanic whites in the overweight group only (Appendix Figure 2) .
The adjusted odds ratios (95% CIs) for NAFLD and NAFLD with elevated aminotransferases by race are shown in Table 2 In analysis restricted to the 3,802 individuals with normal weight (BMI 18.5-24.9 kg/m 2 ), there were no significant racial differences in the fully adjusted logistic regression model for NAFLD, however Mexican-Americans remained significantly more likely to have NAFLD with elevated aminotransferases (OR: 3.40, 95% CI: 1.29, 7.18). Analyses restricted to the 3,408 overweight individuals (BMI 25.0-29.9 kg/m 2 ) and analyses restricted to the 2,003 obese individuals (BMI 30.0-39.9 kg/m 2 ) were not appreciably different than our main analysis. In analyses restricted to participants who self-identified as "never drinkers" (n=1,462), there were no significant racial differences for either NAFLD or NAFLD with elevated aminotransferases (p>0.05).
CONCLUSIONS
In this large, representative sample of the U.S. population, we confirmed significant racial differences in the prevalence of NAFLD. Mexican-Americans had a significantly higher prevalence of NAFLD and NAFLD with elevated aminotransferases as compared to nonHispanic whites. Non-Hispanic blacks had significantly lower prevalence of NAFLD with elevated aminotransferases compared to non-Hispanic whites, and tended to have lower prevalence of NAFLD, but this difference was not statistically significant. Among whites only, men had a significantly higher prevalence of NAFLD compared to women. The racial and gender differences were not significant when the population was restricted to individuals with a normal BMI or when the population was restricted to individuals who self-identified as "never drinkers."
Our results are consistent with previous studies reporting that NAFLD and NASH prevalence is higher among Hispanics and lower among blacks as compared to whites (3-6, 9) and with previous studies reporting a higher prevalence of NAFLD among white men compared to white women (4, 6) . Few previous studies have included a large enough sample of black participants to draw conclusions regarding racial differences in NASH or NAFLD (3, (7) (8) (9) . With the exception of the Dallas Heart Study (4, 6) which is representative of the Dallas, Texas population, previous studies investigating racial differences in NAFLD and NASH were performed in small, highly select, predominately clinic-based study populations (3, 5, 7-11), while our study is representative of the U.S. population.
Although our conclusions are largely consistent with the Dallas Heart Study, there are some differences that should be taken into consideration when comparing NHANES III and the Dallas Heart Study. First, the Dallas Heart Study used proton magnetic resonance spectroscopy to measure hepatic steatosis (4), where we used ultrasound. Ultrasound is less sensitive than proton magnetic resonance spectroscopy in quantifying hepatic steatosis compared to liver biopsy (30) . Second, our population is representative of the entire U.S. population and was conducted in 1988-1994, not just one geographic area (Dallas, Texas) conducted in 2000-2002. Although our absolute estimates likely underestimate the true current prevalence of NAFLD because our data is from 1988-1994, the relative racial differences are likely representative. Finally, the Dallas Heart Study did not differentiate alcoholic fatty liver disease (4) from NAFLD in their main analysis, while we restricted the definition of NAFLD to those who consumed <2 drinks/day for men or <1 drink/day for women. However, in the Dallas Heart Study, racial differences persisted in a sensitivity analysis restricted to never drinkers (4).
The higher prevalence of NASH and NAFLD in Hispanics compared to whites might be attributable to a higher prevalence of obesity, metabolic syndrome components and insulin resistance, but blacks also have a high prevalence of obesity and metabolic syndrome components, but may be less insulin resistant for the same degree of obesity as compared to whites (3, 4, 6) . However, in our analyses, adding all the components of the metabolic syndrome to the model, the racial differences in NAFLD remained significant. It has been further hypothesized that differences in NAFLD and NASH by race may be due to differences in the distribution of adiposity (e.g. subcutaneous versus visceral) or to differences in triglycerides because blacks have relatively less visceral adipose tissue and lower triglycerides than Hispanics (4, 6). Our results are consistent with those from the Dallas Heart Study (6), where adjustment for triglycerides and subcutaneous fat (skinfold measurements) failed to fully account for the differences in prevalence by race. Additionally, racial differences in our population were largely attenuated when we restricted our population to individuals with a normal BMI. These results are consistent with the Dallas Heart Study (6), where additional adjustment for visceral fat content nearly abolished the racial differences. The Dallas Heart Study also found no difference in the presence of hepatic steatosis among non-obese individuals (4). Our results are also consistent with a study by Lomonaco et al. that matched Hispanic and Caucasian participants on adiposity measured by dual energy x-ray absorptiometry and found no significant racial differences in biopsy proven NASH and insulin resistance (measured by insulin clamp) (7) . Together, these results are consistent with the hypothesis that differences in the distribution of adipose tissue may be driving the racial differences in NAFLD because the racial differences are not seen until a threshold level of adiposity exists.
Similarly, we found that racial differences were not significant when the population was restricted to individuals who self-identified as "never drinkers." There are a few hypotheses that could explain this observation: first, there is differential reporting of alcohol consumption by race, second, even low/moderate levels of alcohol consumption may increase the risk for NAFLD/NASH in Mexican-Americans as compared to blacks and whites (31) , and third, minor differences in low-level alcohol consumption between races (alcohol as a confounder) may be contributing to the racial differences.
Our finding of a significant gender difference among non-Hispanic whites is also consistent with findings from the Dallas Heart Study (4, 6). Similar to our results, they found that the gender differences in whites were explained by differences in low amounts of alcohol consumption. Differences in low-level alcohol consumption between men and women (alcohol as a confounder) may be driving the gender differences seen among non-Hispanic white participants. Indeed, in our population men were more likely to self-identify as "low current drinkers" (men ≤2 drinks/day; women ≤1 drink/day) compared to women (men: 55%, women 43%). Alternatively, differences in the hepatic metabolism of alcohol between men and women may be contributing to the gender differences in non-Hispanic whites.
Certain limitations of this study should be considered when interpreting our results. Although ultrasonography is widely used to detect hepatic steatosis in clinical settings and large population-based studies (sensitivity: 85%, specificity: 94% (19)), we were not able to distinguish histologically between NAFLD and NASH in our population. However, we were able to perform an analysis looking at hepatic steatosis with elevated aminotransferases, but this analysis also has limitations. Although the sensitivity of elevated aminotransferases for the presence of hepatic inflammation is low, aminotransferases are often measured clinically as an initial screening test for liver dysfunction (19) . Although we had several measurements of adiposity including BMI, waist circumference, and the skinfolds, we did not have a direct measure of visceral adiposity, which has been postulated to be most closely associated with NAFLD and NASH (6). Our stratified analyses had less power than our main analysis and should be interpreted cautiously. However, our study also has a number of important strengths. The large NHANES III study population is representative of the entire U.S. population and the participants are well characterized by interview, examination, laboratory, and hepatic ultrasound data that were collected by trained staff following standardized protocols. The large sample size enabled stratified analyses, adjustment for multiple risk factors, and sensitivity analyses in subsets of the population.
In conclusion, in this representative sample of the U.S. population, we found significant racial differences in the prevalence of NAFLD, and significant gender differences in NAFLD among non-Hispanic whites. Our results suggest that the burden of NAFLD is high among Mexican-American and lowest among non-Hispanic blacks. In our stratified analyses, we attempted to more fully control for strong confounders of the association between NAFLD and race, namely obesity and alcohol consumption. While we did not observe statistically significant differences in the prevalence of NAFLD across race/ethnic group among the normal weight group or "never drinkers", we cannot rule out the possibility that ultrasound is not sensitive enough to detect smaller amounts of hepatic fat and thus we have limited ability to examine differences at the low end of the distribution. In the Dallas Heart study, the prevalence of NAFLD defined as >5.5% liver fat by magnetic resonance, was not statistically significant different between non-obese white versus non-obese Hispanic (20% vs. 26%, p=0.12), but non-obese blacks had a significantly lower prevalence Age-adjusted prevalence (95% confidence interval) for NAFLD* by race and body mass index group among physically active participants (Panel A) and among physically inactive participants (Panel B). *NAFLD was defined as the presence of moderate or severe hepatic steatosis by ultrasound in the absence of alcohol consumption >1 drink/day for women and >2 drinks/day for men and in the absence of the current use of zydovudine or didanosine, medications shown to induce hepatic steatosis. † p<0.05 comparing Mexican-Americans to non-Hispanic whites ‡ p<0.05 comparing non-Hispanic blacks to non-Hispanic whites What is already known about this subject?
• Nonalcoholic fatty liver disease (NAFLD) prevalence differs by race.
• Reasons for racial differences in the prevalence of NAFLD remain unclear.
• Previous studies did not have the opportunity to examine racial differences in NAFLD prevalence using a nationally representative study population.
What does this study add?
• Racial differences in the prevalence of NAFLD exist in a nationally representative sample of the U.S. population.
• The racial differences were not fully explained by several lifestyle, adiposity and metabolic factors. More works is needed to identify potential contributors. Table 1 Age-adjusted characteristics of participants stratified by race and gender. (30) 1822 ( 
